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(57) [Abstract] 

[Objects of the Invention] While making into a translucency the electrode formed in p layers which 
are the best layers and raising the external quantum efficiency of a light emitting device, the 
productivity of a light emitting device is raised by taking out an electrode from a top by making a 
gallium-nitride system compound semiconductor layer side into a luminescence observation side. 
[Elements of the Invention] The translucency electrode which consists of a metal is formed in the 
gallium-nitride system compound semiconductor front face on which p type dopant was doped as an 
electrode for ohmic contact. 



[Translation done.] 



5 ' 




[Translation done.] 
* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gallium-nitride system compound semiconductor light emitting device characterized by 
forming the translucency electrode which consists of a metal in the gallium-nitride system compound 
semiconductor front face on which p type dopant was doped as an electrode for ohmic contact. 
[Claim 2] The thickness of the aforementioned translucency electrode is a gallium-nitride system 
compound semiconductor light emitting device according to claim 1 characterized by being in the 
range of 0.001 micrometers - 1 micrometer. 

[Claim 3] The aforementioned metal is a gallium-nitride system compound semiconductor light 
emitting device according to claim 1 characterized by the thing which was chosen from Au, nickel, Pt, 
In, Cr, and Ti, and which is a kind at least. 

[Claim 4] The electrode formation method of the gallium-nitride system compound semiconductor 
light emitting device characterized by carrying out ohmic contact of the aforementioned gallium- 
nitride system compound semiconductor and the aforementioned metal while making the 
aforementioned metal into a translucency by carrying out annealing above 500 degrees C, after 
depositing a metal to the gallium-nitride system compound semiconductor by which p type dopant 
was doped. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the electrode formation method of the gallium-nitride 
system compound semiconductor light emitting device possessing the gallium-nitride system 
compound semiconductor expressed with InXAIYGa1-X-YN (0<=X<1, 0<=Y<1), and its light emitting 
device, and relates to the electrode and its electrode formation method of the gallium-nitride system 
compound semiconductor front face where especially p type dopant was doped 
[0002] 

[Description of the Prior Art] The light emitting device using gallium-nitride system compound 



semiconductors, such as GaN, GaAIN, InGaN, and InAIGaN, attracts attention recently. Generally the 
gallium-nitride system compound semiconductor grows on silicon on sapphire. Since the light emitting 
device using an insulating substrate like sapphire cannot take out an electrode from a substrate side 
unlike the light emitting device using semiconductor substrates, such as other GaAs(es) and GaAlP, 
the electrode of positive [ which is prepared in a semiconductor layer ], negative, and a couple is 
formed in the same side side. Especially, since sapphire is a translucency in the case of a gallium- 
nitride system compound semiconductor light emitting device, an electrode side is turned down and a 
silicon-on-sapphire side is made into a luminescence observation side in many cases. 
[0003] The structure of one conventional light emitting device which considers a gallium-nitride 
system compound semiconductor as a luminescence chip is shown in drawing 1 . On silicon on 
sapphire 1, n type gallium-nitride system compound semiconductor layer 2 (It is hereafter called n 
type layer 2.) The gallium-nitride system compound semiconductor layer 3 (it is hereafter called p 
type layer 3.) by which p type dopant was doped After carrying out a laminating to order, 
**********j ng j n a part Q f p type | ayer 3 f urt h er> exposing n type layer 2 and forming p type 
electrode 5 in n type layer 2 as a positive electrode as a negative electrode at n type electrode 4 and 
p type layer, an electrode side is turned down, and as each electrode straddles a leadframe 7, it is 
laying in it. In addition, electrodes 4 and 5 and the leadframe 7 are electrically connected with the 
conductive material 6, such as solder and a silver paste. The sapphire 1 which is a translucency 
substrate in order to take out luminescence outside as effectively as possible, since luminescence is 
interrupted by p type electrode 5 while the conventional light emitting device can extend current for 
p type electrode 4 uniformly by [ of p type layer front face ] forming in the whole surface mostly as 
shown in this drawing, and uniform luminescence is obtained, and an external quantum efficiency 
becomes bad is made into the luminescence observation side. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since it is difficult to narrow the interval 
between both the leadframes 7 and a chip size becomes large with about 1mm or more, the light 
emitting device of such structure has the fault that the number of chips which can be taken from the 
wafer per sheet decreases. Moreover, since the elaborate etching technology of very fine positioning 
between leadframes and a gallium-nitride system compound semiconductor etc. is needed, the yield 
does not go up but mass-production nature also has the fault of being scarce, if a substrate side can 
be turned down and the two electrodes of n type electrode and p type electrode can be taken out 
from a top like the light emitting device using semiconductor materials other than a gallium-nitride 
system compound semiconductor, while being able to make a chip size small, the productivity of a 
light emitting device and reliability can be boiled markedly, and can be raised For that purpose, the 
electrode formed in 3 p layers is made into a translucency, and it is necessary to make it not 
interrupt luminescence inside a gallium-nitride system compound semiconductor layer. 
[0005] Therefore, it is in raising the productivity of a light emitting device by haying made this 
invention in view of such a situation, and taking out an electrode from a top by making a gallium- 
nitride system compound semiconductor layer side into a luminescence observation side, while 
considering as the purpose makes a translucency the electrode formed in p layers which are the best 
layers and it raises the external quantum efficiency of a light emitting device. 
[0006] 

[Means for Solving the Problem] The gallium-nitride system compound semiconductor light emitting 
device of this invention is characterized by forming in a p layer front face the translucency electrode 
which consists of a metal as an electrode for ohmic contact. Moreover, the formation method of the 
electrode of the light emitting device is characterized by carrying out ohmic contact of the 
aforementioned gallium-nitride system compound semiconductor and the aforementioned metal while 
it makes the aforementioned metal a translucency by carrying out annealing above 500 degrees C, 



after depositing a metal on a p layer front face. 

[0007] In the method of this invention, it is desirable to be able to use the electrode material of Au, 
nickel, Pt, In, Cr, and Ti for the metal which carries out vacuum evaporationo to p layers, and to use 
for it the alloy which includes at least two kinds in Cr, nickel, Au, Ti, and Pt as a material from which 
desirable ohmic contact is obtained especially. Moreover, although especially vacuum evaporationo 
thickness does not ask, after performing annealing 500 degrees C or more after vacuum evaporationo 
in carrying out the vacuum evaporationo of the metal, it is desirable to carry out vacuum 
evaporationo so that it may become the range whose thickness of the metal electrode is 0.001 
micrometers - 1 micrometer. With the aforementioned annealing, while diffusing the metal by which 
vacuum evaporationo was carried out inside p layers, it disperses outside in part and thickness 
becomes thin. Let an electrode be a translucency preferably by adjusting electrode thickness final 
after annealing to the range of 0.001 micrometers - 1 micrometer. Although there is especially no 
trouble even if it forms by 1 micrometers or more, it is in the inclination for an electrode to wear a 
metal color gradually, and a translucency becomes bad. Although [ aforementioned ] it is within the 
limits, and it is so desirable that it is thin, since electrode thickness is in the inclination for contact 
resistance to become large when it is made not much thin too much, it is thickness with the still more 
desirable range of 0.01 micrometers - 0.2 micrometers: 

[0008] It is necessary to perform annealing above 500 degrees C. Because, it is the shell from which 
the ohmic contact to a metal electrode and p layers is it hard to be obtained to be below this 
temperature, and a metal electrode cannot become a translucency easily, either. Although especially 
the upper limit of temperature is not limited, naturally it carries out below at the temperature (before 
or after 1 100 degrees C) which a gallium-nitride system compound semicpnductor decomposes 
[0009] 

[Function] The structure of the light emitting device possessing the translucency electrode formed of 
one example of this invention is shown in drawing 2 . Since p layers translucency electrode 5' is 
formed on 3, a gallium-nitride system compound semiconductor layer side can be made into a 
luminescence observation side, without making silicon on sapphire 1 into a luminescence observation 
side like before, furthermore, the leadframe of a cup configuration generally used as a condensing 
means of light emitting devices other than a gallium-nitride system compound semiconductor can be 
used, and a condensing performance is markedly alike and improves Furthermore, since one chip can 
be laid on one leadframe, it has the advantage that a chip size can be made small according to the 
size of a leadframe. since an electrode can be taken out from a top (luminescence observation side) 
side further again by preparing the electrode for wire bonding on translucency electrode 5' as shown 
in this drawing, productivity is also boiled markedly and improves 
[0010] 
[Example] 

The wafer which carried out the laminating of the buffer layer which consists of GaN on [example 1] 
silicon on sapphire, an n type GaN layer, and the Mg dope p type GaN layer to order is prepared. Next, 
after forming the mask of a predetermined configuration on the aforementioned p type GaN layer, a p 
type GaN layer is **********ed and an n type GaN layer is exposed. 

[001 1] Next, the mask for electrode formation is formed on a p type GaN layer, nickel is carried out 
on a p type GaN layer with vacuum evaporationo equipment, and the vacuum evaporationo of the Au 
is carried out to 0.03 micrometers by the thickness of 0.07 micrometers on nickel. In addition, the 
vacuum evaporationo of the aluminum is carried out also on the exposed n type GaN layer. 
[0012] After vacuum evaporationo, while alloying nickel and Au with annealing equipment by carrying 
out annealing of the wafer for 10 minutes at 500 degrees C, it is made a translucency. When the 
wafer after annealing was taken out, the electrode thickness of a p type GaN layer is 0.07 
micrometers, and had become a translucency. When the wafer obtained as mentioned above was cut 



for the chip of 350-micrometer angle, and it laid on the leadframe of a cup configuration as shown in 
drawing 2 and having been considered as light emitting diode, in 20mA, 80microW and forward voltage 
of the radiant power output were 4V. And when what is depended on a poor contact from the light 
emitting diode possessing the chip which about 16000 chips were obtained from the wafer of 2 inch 
phi, and was obtained from it was removed, it was 95% or more of yields. 

[0013] When [example 2] annealing temperature was made into 600 degrees C and also the electrode 
was formed like the example 1, electrode thickness had become a translucency almost identically and 
the same, the place which made the rest light emitting diode like the example 1 — a radiant power 
output, forward voltage, and the yield — a simultaneously — it was the same 

[0014] When the metal which carries out vacuum evaporationo on a [example 3] p type GaN layer 
was set to Cr0.5micrometer and nickel0.5micrometer and also the electrode was formed like the 
example 1, similarly electrode thickness had become a translucency by 0.7 micrometers, the place 
which made the rest light emitting diode like the example 1 — a radiant power output, forward voltage, 
and the yield — a simultaneously — it was the same 

[0015] When the metal which carries out vacuum evaporationo on a [example 4] p type GaN layer 
was set to Pt0.01 micrometer and Ti0.1 micrometer and also the electrode was formed like the 
example 1, similarly electrode thickness had become a translucency by 0.07 micrometers, the place 
which made the rest light emitting diode like the example .1 — a radiant power output, forward voltage, 
and the yield — a simultaneously — it was the same 

[0016] The silicon-on-sapphire side of the wafer of the [example of comparison] example 1 was 
turned up, and when it was going to lay on the leadframe of a configuration as shown in drawing 1 
the chip size has also cut the minimum only on 1mm square. Next, when the chip of the 1mm angle 
was laid so that two leadframes might be straddled, and the electrode was connected and having 
been considered as light emitting diode, as for the radiant power output in 20mA, 40microW and 
lateral luminescence were not taken out enough, and when only 2000 pieces were obtained but 
removed what depends the chip with which it was obtained on a poor contact from the light emitting 
diode to provide, similarly the yield did not have the wafer of 2 inch phi to a chip at 60%. 
[0017] 

[Effect of the Invention] As explained above, since the gallium-nitride system compound 
semiconductor light emitting device of this invention forms the electrode of a translucency which 
consists of a metal with which ohmic contact is obtained by p layers, it can make a gallium-nitride 
system compound semiconductor layer side a luminescence observation side. Luminescence can be 
taken out by this, without reducing the external quantum efficiency of a light emitting device, and 
since it becomes possible [ productivity being markedly alike and improving since one chip size can 
be made small as described above, and also using the leadframe of a cup configuration further again ], 
a production cost can be lowered and the yield can also be raised 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section view showing one structure of the conventional gallium-nitride system 
compound semiconductor light emitting device. 

[Drawing 2] The type section view showing the structure of the gallium-nitride system compound 
semiconductor light emitting device by one example of this invention. 
[Description of Notations] 

1 .... Substrate 

2 .... n type gallium-nitride system compound semiconductor layer 

3 .... p type dopant dope gallium-nitride system compound semiconductor layer 

4 .... n type electrode 

5' ... Translucency electrode 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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